Conclusions-it was concluded that mild to moderate hepatic parenchymal changes occur more frequently in workers exposed to perchloroethylene than in populations not exposed to chemical solvents, and that these effects are underestimated by serum hepatic transaminase activity. (Occup Environ Med 1995;52:679-685) 
Abstract
Objective-To determine if subclinical hepatotoxicity is associated with exposure to perchloroethylene at concentrations commonly experienced in the workplace, and whether surveillance with serum hepatic transaminase activity underestimates such effects. Methods-Hepatic parenchymal echogenicity on ultrasonography and serum hepatic transaminase activity were compared in 29 community based dry cleaning operators exposed to perchloroethylene, and a control group of 29 non-exposed laundry workers. Perchloroethylene exposure was assessed by work history and air monitoring. Results-Mean hepatic transaminase activities were minimally increased in dry cleaners compared with laundry workers. Increased alanine aminotransferase activities, between 1-0 and 1*5 times the normal limits, were found in five of 27 (19%) dry cleaners compared with one of 26 (4%) laundry workers. In contrast, diffuse parenchymal changes in echogenicity, as determined by hepatic ultrasonography, were increased nearly twofold in dry cleaners, occurring in 18 of 27 (67%) dry cleaners compared with 10 of 26 (39%) laundry workers (P < 0.05), and were most strongly associated with increased perchloroethylene exposure in older dry to dry or wet transfer operations (odds ratio 4*2, 95% confidence interval 1.1-15-3). Mean eight hour time weighted average perchloroethylene exposure for dry cleaners was 16 ppm, which is less than the permissible exposure limit of 100 ppm in the United States.
Conclusions-it was concluded that mild to moderate hepatic parenchymal changes occur more frequently in workers exposed to perchloroethylene than in populations not exposed to chemical solvents, and that these effects are underestimated by serum hepatic transaminase activity.
(Occup Environ Med 1995;52:679-685) Keywords: hepatotoxicity; ultrasonic imaging; aminotransferases; perchloroethylene Halogenated alkane solvents, such as carbon tetrachloride and tetrachloroethane, have largely been replaced by less toxic halogenated alkene solvents, such as perchloroethylene and a variety of non-halogenated compounds. None the less, perchloroethylene at exposure concentrations greater than 100 ppm has been shown to cause acute hepatotoxicity in humans. '-5 Little is known about the occurrence of chronic hepatotoxicity at low levels of exposure to perchloroethylene experienced currently in occupational and environmental settings. In dry cleaning and metal degreasing processes in particular, an estimated 500 000 workers in the United States are occupationally exposed to perchloroethylene6 (also known as tetrachloroethylene), and one million people living close to dry cleaning shops may be exposed to generally low levels from surface and ground water or ambient air contamination.
Epidemiological assessment of hepatotoxicity in populations exposed to solvent has been limited by difficulties in obtaining histological data, which require invasive biopsy. In general, detection of subclinical hepatic injury in workplace surveillance programmes has relied on measurements of activities of serum hepatic transaminases. Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) may Table 2 shows the biochemical test results, with figure 2(A) showing prevalence of increased ALT, AST, and GGT concentrations. Mean values tended to be higher for all hepatic transaminase concentrations in dry cleaners compared with laundry workers, although no differences were significant.
Increased ALT concentrations were found in five (19%) dry cleaners compared with one (4%) laundry worker (P = 0-10); in all cases the rises in ALT were less than 1.5 times the upper limit of normal and had ALT:AST ratios greater than 1. No significant differences in prevalences of abnormal AST or GGT concentrations were found between the two groups. Inclusion of all subjects, regardless of serology or exclusion of subjects positive for hepatitis B core antibody, showed similar distributions of mean hepatic transaminase activity and prevalence of abnormal Hepatic ultrasonic changes in workers exposed to perchloroethylene transaminase concentrations in the exposed and control groups.
HEPATIC SONOGRAPHIC TESTING
The pattern of sonographic readings, interpreted as normal, mild, or moderate to severe change, differed significantly between the exposed dry cleaners and non-exposed laundry workers (fig 2(B) ). Among laundry workers 16 of 26 (62%) sonograms were interpreted as normal, compared with only nine of 27 (33%) normal in the exposed group. Changes in hepatic parenchymal echogenicity between the two groups occurred chiefly in the mild category, with 48% of dry cleaners having mild abnormalities compared with only 15% among the unexposed group. About 20% of subjects in both groups had moderate to severe changes in parenchymal echogenicity. A significantly greater prevalence of any (mild or greater) hepatic parenchymal changes in dry cleaning operators than in non-exposed laundry workers (67% v 39%, P < 0 05) was found. When exposed subjects were dichotomised relative to measures of either subacute, current, or cumulative exposure, the prevalence of hepatic parenchymal changes showed significant exposure-response trends across non-exposed, low, and high exposure groups (table 3) . Similar trends were found relative to shop process and personal air sampling, classified according to whether the current measure of full shift exposure had been above or below 15 ppm TWA. This trend was greatest for the personal air sampling comparison, where hepatic parenchymal changes were found in all five subjects with exposures above 15 ppm, half of the 12 subjects with exposures below 15 ppm, and only 38% of the unexposed laundry workers. The exposureresponse trend was less evident for cumulative than subacute exposure; although significant, the prevalence of hepatic changes differed by only 10% between low and high cumulative exposure categories. Table 4 shows the ORs that represents risk for hepatic parenchymal changes associated with perchloroethylene exposure. Overall, perchloroethylene exposure was associated with a threefold increase in risk of hepatic parenchymal changes. Due to a greater prevalence of mild or greater sonographic changes in the seven subjects with previous hepatitis B infection (positive for hepatitis B core antibody, negative for hepatitis B surface antigen) compared with seronegative subjects (86% v 48%, respectively, P = 0-10), ORs for sonographic changes associated with perchloroethylene were also calculated with adjustment for the effects of hepatitic serology as well as age, sex, body mass index, and alcohol consumption; these were not changed materially compared with the unadjusted analysis (table 4). Exclusion of Asian and native American subjects did not effect the magnitude of crude or adjusted risk estimates, nor any exposureresponse trends. A strong dose-response relation was found only for subacute exposure after adjustment for confounding factors, with dry cleaners who used old dry to dry or wet transfer methods at fourfold increased risk of sonographic changes. An inverse doseresponse was found for cumulative exposure after adjustment for age, due to a particularly strong association between perchloroethylene exposure and hepatic sonographic changes in younger workers, with a stratum specific OR of 15 (95% confidence interval (95% CI) 1-33-170) for workers less than 35 years old.
To relate hepatic transaminase and ultrasonographic findings, abnormalities detected by each method were compared. All subjects (five in the exposed and one in the unexposed group) with raised ALT concentrations had moderate or greater parenchymal echogenicity. Only six of 28 subjects (21%) with parenchymal sonographic changes had increases of any hepatic transaminase. We detected hepatic effects with ultrasonographic imaging, generally in the absence of raised transaminases, at perchloroethylene concentrations below those ordinarily associated with hepatotoxicity. Clinical reports and case series have generally shown biochemical abnormalities related to perchloroethylene exposure only at concentrations greater than 100 ppm.1-6 In contrast, the mean eight hour TWA for perchloroethylene exposure for the samples collected in this study was 16 ppm, which is below the previous Occupational Safety and Health Administration (OSHA) permissible exposure concentration of 25 ppm, and raises concern about potential adverse health effects associated with the recent upward revision of the standard to 100 ppm. 25 The presence of subclinical hepatic effects at the exposure concentrations found in this study emphasises the importance of improved engineering controls or substitution to non-solvent agents to minimise exposure. Our findings suggest that strategies for detecting liver injury with only hepatic transaminases may underestimate hepatotoxic effects in populations exposed to solvents. Hepatic imaging with ultrasound may be a sensitive marker for preclinical effects, providing a useful population surveillance tool in the setting of chronic solvent exposure.
Discussion
Two other cross sectional studies that investigated dry cleaners with perchloroethylene exposures of less than 25 ppm, also found few biochemical abnormalities. As in our study, Lauwerys and associates found no significant difference in mean ALT or GGT concentrations in 22 dry cleaners compared with 33 non-exposed factory workers. 26 Gennari and associates reported no significant difference in mean ALT in 141 dry cleaners compared with 130 non-exposed university students, and noted only a mild increase in sample mean GGT (12.4 v 8-8 U/1, P<0.05) and GGT-2 isoenzyme; no individual worker was noted to have an increase of any hepatic transaminase. 27 Similarly, increases in transaminases were uniformly mild in our study, with no transaminase values exceeding [1] [2] [3] [4] [5] times the normal limits. The finding of sonographic hepatic changes in this context suggests that transaminases may be of limited use in detecting subclinical injury preceding the occurrence of prominent inflammation or necrosis.
Although the histological abnormalities associated with the sonographic changes found in this study cannot be specifically identified, two factors suggest that they represent predominantly steatosis. Firstly, increased hepatic echogenicity is strongly associated with fatty change, with sensitivity and specificity greater than 90%, but is not as well correlated with fibrosis or cirrhosis in the absence of steatosis.12 13 Secondly, the mild subacute parenchymal effects found in this study are most consistent with early changes such as steatosis. Fatty change has also been found consistently in histological samples from exposed workers with persistently elevated hepatic transaminase concentrations,8-'0 28 and in animal models. Although use of perchloroethylene is now virtually ubiquitous in the dry cleaning industry, solvents used in the past, including other chlorinated and mixed aliphatic hydrocarbons, may also have contributed to hepatotoxicity. Thirdly, the clinical significance of the hepatic sonographic changes found in this study is unclear. Although the natural history of steatosis has not been well characterised, several studies of fatty liver associated with obesity and diabetes mellitus have raised concern about progression to fibrosis, or even cirrhosis, in the absence of significant hepatic inflammation. 30 31 Finally, the high overall prevalence of hepatic parenchymal changes limits specificity and thus the interpretation of abnormal sonograms in individual workers. Although previous hepatitis B infection, demographic factors including age, ethnicity, body mass index, and alcohol intake had minimal effect on the association between perchloroethylene exposure and hepatic parenchymal changes found in this study, the presence of these factors in general populations may further limit specificity of ultrasonography. Changes in hepatic parenchymal echogenicity associated with these factors have not been well characterised, nor has their potential interaction with percloroethylene to increase susceptibility to hepatic injury. The sensitivity of sonographic imaging in detecting subclinical changes may have benefit in early population surveillance of high risk groups.
In summary, subclinical hepatic effects seem to occur at relatively low concentrations of perchloroethylene exposure, well below the recently revised OSHA permissible exposure limits of 100 ppm. The extent to which these changes might develop into clinically significant liver disease is unknown. Our findings raise the concern that early reversible changes such as steatosis may go undetected by standard transaminase measurements; whether progression to irreversible fibrotic changes over a working career occurs is unknown, and
